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OPTICAL FIBER BUNDLE, LIGHT SOURCE
DEVICE USING THE OPTICAL FIBER
BUNDLE, AND METHOD FOR
MANUFACTURING THE LIGHT SOURCE
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical fiber bundle, a
light source device using the optical fiber bundle, and a
method for manufacturing the light source device, and
particularly relates to control of an output light intensity
distribution of the optical fiber bundle 1n the light source
device.

2. Description of the Related Art

An optical fiber bundle has several to several thousands of
a bundled optical fiber. The bundle optical fiber are bonded
and polished 1n terminal portions of the optical fiber bundle.
The optical fiber bundle 1s used widely for lighting or energy
transier. As shown in FI1G. 11, both end portions 120 and 130
of a tube 10 of a optical fiber bundle are typically fixed with
sleeve-like metal fittings or the like, but flexibility 1s secured
in the intermediate portion of the optical fiber bundle.
Accordingly, the light input area or output area of the optical
fiber bundle can be increased while the degree of spatial
freedom thereof 1s secured. Accordingly, when the output
arca 1s made extremely small and an optical fiber light
source 1s placed 1n a desired place, the optical fiber bundle
can be 1nstalled 1 any place.

Thus, attempts 1n various fields are made to apply light
source devices using optical fiber bundles to light sources
for exposure 1 light steppers or light sources for curing
photo-setting resin for use in bonding of optical components
or the like.

In such circumstances, there 1s a request to make the
output light intensity distribution uniform. In an optical fiber
bundle shaped into a ring on its output side, there 1s another
request to form the output light intensity distribution uni-
form concentrically and circumierentially.

In addition, when a light source device 1s used as a light
source for exposure 1n a stepper, 1t 1s necessary to change the
wavelength of exposure light in accordance with a resist or
to adjust the irradiation energy. Thus, a different light source
device 1s required whenever the occasion demands.

Further, a stepper needs a step of aligning a mask with a
waler prior to exposure, that 1s, a mask alignment step. A
light source having a diflerent wavelength from the sensible
wavelength of a resist 1s required 1n the mask alignment step.
Thus, two different light sources are required. Alternatively,
there 1s indeed a method 1n which the light intensity of a light
source for exposure 1s reduced on a large scale at the time
of alignment so that the light source 1s used as a light source
for alignment. However, there 1s a problem that 1t 1s mevi-
table to expose the resist to light at the time of alignment.

Moreover, 1t 1s desired to regulate an area to be 1rradiated
at the time of alignment because it 1s not necessary to
irradiate the water surface as a whole but 1t will go well 1f
only an alignment mark provided in a dummy area such as
a waler circumierential edge portion 1s irradiated. However,
existing light source devices cannot perform such area
definition.

In addition, 1t 1s necessary to reduce the light intensity in
the area corresponding to the circumiferential edge portion.
It 1s, however, diflicult to reduce the light intensity only 1n
the circumierential portion. When exposure 1s performed
with a regular intensity distribution, overexposure occurs in
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the circumierential edge portion, resulting 1n fogging. Thus,
there 1s a problem that a precise resist pattern cannot be
obtained.

It 1s therefore necessary to allow latitude to the 1rradiation
light intensity distribution. In a typical method, however,
uniform 1rradiation with light on the water 1s fundamental,
and 1t 1s dithcult to change the intensity or change the
irradiation wavelength for each area.

Furthermore, 1n recent years, with the development of
digital cameras and the like, optical components are made
finer and finer. When such optical components are mounted,
there 1s an 1increasing request to make alignment and fixation
more accurate. When optical components are fixed to each
other by use of photo-setting resin, 1t may be desired to
perform two-stage curing treatment using different kinds of
resin. In such a case, two separate light sources having
different emission wavelengths are required as light sources
for the treatment. It i1s therefore difficult to put such a
treatment to practical use.

For the request to make the light intensity uniform, in the
related art, there 1s adopted a method 1n which optical fibers
are randomized on the output side of the optical fiber bundle
so that the light intensity distribution i1s adjusted. Optical
fibers having a high light intensity are mixed with fibers
having a low light intensity appropriately uniformly so that
a desired uniform output light intensity distribution can be
obtained.

In such a method, the optical fibers are randomized 1n the
optical fiber bundle, and then the output light intensity of the
optlcal fiber bundle 1s confirmed. If the output light intensity
1s not uniform as a result of the confirmation, the optical
fibers are randomized so that the output light intensity is
uniform. Therefore, the yield of the optical fiber bundle and
the efliciency of manufacturing are limited by this random-
1zed method.

In addition, an area where the output light 1s 1rradiated
from the optical fiber bundle cannot be defined or changed
in this method.

Further, when the output light intensity 1s precisely con-
trol by using the optical fiber bundle, 1lluminance near an
output terminal of the optical fiber bundle has to be mea-
sured by an 1llumination sensor 600 and fed back to a light
source as shown in FIG. 12. However, this results 1n a
problem that the device becomes large 1n size. In addition,
an optical system 200 also becomes a major factor 1n
obstruction to the miniaturization of the device.

Furthermore, even 11 the light intensity distribution can be
controlled with a large-sized device, the wavelength cannot
be adjusted by use of the optical fiber bundle in the same
light source device.

It 1s therefore necessary to provide a light source for
alignment and a light source for exposure separately.

SUMMARY OF THE

INVENTION

It 15 an object of the invention to provide an optical fiber
bundle which can control the output light intensity distri-
bution efliciently, and a light source device and a manufac-
turing method using the optical fiber bundle.

It 1s another object of the invention to provide an optical
fiber bundle 1 which the output light intensity can be
controlled precisely, and a light source device using the
optical fiber bundle.

It 1s another object of the invention to provide an optical
fiber bundle 1n which the output light intensity distribution
can be varied, and a light source device using the optical

fiber bundle.
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It 1s another object of the invention to provide an optical
fiber bundle 1n which the output light wavelength can be

varted, and a light source device using the optical fiber
bundle.

It 1s further another object of the invention to provide a
method for manufacturing an optical fiber bundle which can
be manufactured easily.

Therelfore, according to the invention, there 1s provided
with an optical fiber bundle, comprising: a plurality of
optical fibers bundled on both an mput terminal side thereof
and an output terminal side thereot, the optical fibers receiv-
ing light from the mput terminal side and outputting the light
to the output terminal side; and a connecting member
provided for the optical fiber bundle; wherein the optical
fibers are divided on the mput terminal side, individually or
into a plurality of groups 1n accordance with output terminal
side positions of the optical fibers, and the optical fiber
bundle 1s arranged to adjust the light received from the input
terminal side for each of the optical fibers or for each of the
groups.

With such a configuration, 1t will go will if mput light 1s
adjusted without adjustment of alignment of the optical fiber
bundle itself. Accordingly, the light intensity or the wave-
form can be controlled efhiciently and precisely. A desired
output pattern can be obtained by the adjustment of the light
received from the mput terminal side.

It 1s preferable that each of the optical fibers includes a
connecting member. Thus, 1t becomes easy to change over a
light source for the optical fibers and 1t becomes possible to
adjust the light intensity distribution precisely.

It 1s preferable that the optical fibers are divided into a
plurality of groups 1n accordance with output terminal side
positions thereof, and that each of the groups includes a
connecting member. Thus, the light source for the optical
fibers can be adjusted for each group so that a desired light
intensity distribution can be obtained ethciently.

In addition, when a light intensity adjusting member 1s
provided for each of the optical fibers or each of the groups,
a precise light imtensity distribution can be obtained. Further,
when a light mtensity adjusting member such as a dia-
phragm 1s provided, the light intensity can be adjusted for
cach optical fiber or for each group even 1t the light comes
from a single light source.

In addition, when the optical fibers are designed to be able
to be connected directly to an optical fiber light source for
cach of the optical fibers or for each group, it 1s not
necessary to provide any connecting members. Thus,
extremely precise control can be attained. In addition, the
light intensity or the emission wavelength can be controlled
independently so that light with a desired light intensity
distribution and with a desired emission wavelength can be
obtained easily.

It 1s also preferable that the optical fiber bundle includes
optical fibers for detecting output light on the output termi-
nal side of the optical fiber bundle. The optical fibers do not
have to be designed specially. The optical fibers may be
connected not to a light source but to light-sensitive detector
on their mput terminal side. When a current flowing 1n
accordance with the recerved light intensity 1s measured
with each light-sensitive detector, the light intensity can be
detected easily. Then, the light intensity of the optical fiber
light source to be connected to the optical fiber whose output
terminal 1s disposed near the sensing position of the light-
sensitive detector 1s adjusted 1n accordance with the output
of the light-sensitive detector. In such a manner, precise
control can be attained easily.
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It 1s also preferable that the optical fibers are divided 1nto
a plurality of groups in accordance with their output terminal
side positions, and an optical fiber for sensing 1s included 1n
cach group for detecting output light therefrom.

When mnput light can be adjusted on the mput terminal
side on the basis of the outputs of the light-sensitive detec-
tors, 1t 1s possible to obtain a light intensity distribution
adjusted precisely.

It 1s desired that the optical fibers are aligned on their
output terminal side in an angular shape, a ring shape, or a
round shape. According to the mvention, a desired light
pattern can be obtained easily within the alignment.

It 1s also desired that the terminal surface positions of the
optical fibers on the output terminal side are designed to be
able to be adjusted relatively to one another so that the
output pattern can be changed. In this case, adjustment can
be made based on the output terminal side positions so that
the degree of freedom can be secured for the adjustment.

In addition, each of the optical fibers may be made to have
a diameter equal to the clad diameter of an optical fiber for
communications. In this case, the transmission loss in the
connection portion can be reduced easily.

Further, each of the optical fibers may include a builer
fiber portion on the mput terminal side, the bufler fiber
portion being designed to have a clad diameter varied 1n a
plurality of steps. In this case, the transmission loss in the
connection portion can be reduced easily.

It 1s preferable that multi-mode fibers are used as the
optical fibers. In this case, 1t 1s possible to transmit more
power.

It 1s preferable that single-mode fibers are used as the
optical fibers. In this case, the cost 1s reduced, and the optical
fiber bundle can be applied to power transmission suili-
ciently.

Further, the optical fibers may be arranged optical fibers
made of single-mode fibers for sensing and optical fibers
made of multi-mode fibers for outputting. In this case, 1t 1s
possible to obtain an optical fiber bundle low 1n price and
high 1n reliability.

When the optical fibers are divided into a plurality of
groups on their output terminal side, one light source can be
used for exposure in a plurality of steppers. Thus, i1t 1s
possible to obtain a light source device small 1n size and low
n Cost.

There 1s provided with a light source device according to
the invention comprising: an optical fiber light source; and
an optical fiber bundle for receiving light from the optical
fiber light source on an mput terminal side thereof and
outputting the light to an output terminal side thereof, the
optical fiber bundle including a plurality of optical fibers
bundled 1n a desired shape on both the mput terminal side
thereol and the output terminal side thereof, wherein the
optical fibers are divided on the input terminal side thereof,
individually or into a plurality of groups 1n accordance with
output terminal side positions of the optical fibers, and the
optical fiber bundle 1s arranged to adjust the light received
from the optical fiber light source on the mput terminal side
for each of the optical fibers or for each of the groups.

It 1s preferable that each of the optical fibers includes a
connecting member, and that each of the optical fibers 1s
connected to the optical fiber light source through the
connecting member.

It 1s preferable that the optical fibers are divided into a
plurality of groups 1n accordance with output terminal side
positions thereof, and that each of the groups includes a
connecting member and 1s connected to the optical fiber
light source through the connecting member.
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It 1s preferable that the optical fibers are connected to the
optical fiber light source through a light intensity adjusting
member provided for each of the optical fibers or each of the
groups

Preferably, the optical fibers may be connected directly to
the optical fiber light source individually or for each group.
In this case, 1t 1s not necessary to provide any connecting
members. Thus, the light intensity distribution can be
adjusted easily by adjustment of a current supplied from a
connected power supply, so that a desired light intensity
distribution can be obtained easily in the output terminal.

Preferably, the optical fiber light source 1s formed, as a
light source comprised of individual light sources provided
for the optical fibers respectively. In this case, the light
sources can be controlled independently of one another
casily, so that the light intensity distribution can be adjusted
precisely and easily.

Preferably, the optical fiber light source i1s formed to
include a plurality of light source, which can be changed
over from one to another. In this case, also when the optical
fiber light source 1s used as a light source at another
wavelength, the wavelength or the light intensity can be
changed easily only by selection of one of the light sources.
For example, instead of a light source for alignment and a
light source for exposure provided separately, a selected
light source can be used as both the light sources by the light
source device using the optical fiber bundle. Thus, 1t 1s
possible to provide a light source device small 1n size and
capable of precise light control.

In addition, 1t 1s preferable that the light distribution
pattern on the output terminal 1s varied 1n accordance with
the light source selected tfrom the plurality of light sources.
In this case, the distribution pattern can be changed easily.

Preferably, a light emitting diode (LED) may be used as
the optical fiber light source.

Alternatively, a laser diode (LD) may be used as the
optical fiber light source. In this case, it 1s possible to obtain
light energy having an accurate and sharp waveform due to
straightness of laser light. Thus, exposure with high resolu-
tion can be attained.

Preferably, the optical fiber bundle may include at least
one light-sensitive detector on the mput terminal side where
the optical fiber light source 1s disposed, so that the light-
sensitive detector can be connected to the input terminal side
of the optical fibers. Thus, 1t 1s possible to detect light easily.

It 1s more preferable that the optical fibers are divided 1nto
a plurality of groups 1n accordance with their output terminal
side positions and an optical fiber for sensing 1s included 1n
cach group for detecting output light therefrom so that the
optical fiber can be connected to a light-sensitive detector. In
this case, the output distribution on the output terminal side
can be detected by use of the fibers 1n the optical fiber bundle
without using any other sensor. Accordingly, it 1s possible to
obtain a light source device small in size and capable of
precise optical control.

In addition, when one light-sensitive detector 1s connected
to each sensing optical fiber on the mput terminal side, the
light intensity can be detected easily.

In addition, when input light can be adjusted on the input
terminal side on the basis of the output of the light-sensitive
detector, feed back control can be attained easily. Accord-
ingly, 1t 1s possible to perform light control at all times so
that 1t 1s possible to attain light control high 1n accuracy and
high 1n reliability.
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In addition, it 1s more preferable that a feedback control
unit 1s provided for feedback control of a current supplied to
the optical fiber light source based on the output of the
light-sensitive detector.

Further, when on/ofl control of the optical fiber light
source 1s allowed so that the irradiated area can be changed
on the output terminal side of the optical fibers, the 1rradia-
tion pattern can be adjusted easily. For example, when
optical components are bonded by photo-setting resin cured
due to two-step light irradiation, the light irradiation can be
adjusted easily so that the irradiation peak i1s changed to
another place.

It 1s also preferable that the irradiated area 1s formed 1nto
an angular pattern, a ring-like pattern or a round pattern.

In addition, the terminal surface positions of the optical
fibers on their output terminal side maybe allowed to be
adjusted relatively to one another so that the outgoing
pattern can be changed. This aflords the degree of freedom
to the adjustment so that the adjustment can be carried out
casily.

It 1s preferable that each of the optical fibers has a
diameter equal to the clad diameter of an optical fiber for
communications.

Further, each of the optical fibers may include a builer
fiber portion on the mput terminal side, the bufler fiber
portion being designed to have a clad diameter varied in a
plurality of steps.

Multi-mode fibers may be used as the optical fibers 1n the
light source device.

Single-mode fibers may be used as the optical fibers.

Further, the optical fibers maybe arranged out of sensing
optical fibers made of single-mode fibers and output optical
fibers made of multi-mode fibers.

In addition, when the optical fibers are divided into a
plurality of groups on their output terminal side so that light
energy can be supplied to a plurality of aligners, 1t 1s possible
to provide small-size aligners each occupying a small area.

It 1s preferable that the optical fiber light source includes
a light source for alignment and a light source for exposure,
which are formed to be changed over so that mask alignment
light and exposure light can be radiated from the output
terminal of the same optical fiber bundle. In such a manner,
exposure can be carried out easily without using another
light source for alignment. In addition, light sources 1n
different wavelength ranges may be used as the light source
for alignment and the light source for exposure so that light
whose wavelength 1s not 1n the exposure wavelength range
of a resist can be emitted 1n the area corresponding to the
waler circumierential portion to which an alignment mark
belongs, while light at the exposure wavelength can be
emitted in the actual exposure area. In this case, desired
exposure can be carried out easily.

It 1s preferable that the light imntensity of the light source
for alignment 1s made different from that of the light source
for exposure, and a light source having a light intensity small
enough not to crosslink the resist 1s used as the light source
for alignment.

Preferably, the optical fiber light source includes a first
light source and a second light source, which are formed to
be able to be changed over from one to the other, and the
irradiation light intensity can be adjusted on the output
terminal side. In such a manner, a plurality of kinds of
desired light sources can be obtained by only one optical
fiber bundle.

It 1s also preferable that the optical fiber light source
includes a first light source and a second light source, which
are formed to be able to be changed over from one to the
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other, and the 1rradiation light wavelength can be adjusted on
the output terminal side. In such a manner, a plurality of
kinds of desired light sources can be obtained by only one
optical fiber bundle.

There 1s provided with a method of manufacturing a light 5
source device according to the invention, comprising the
steps of: bundling a plurality of optical fibers to form an
optical fiber bundle; irradiating a light from an mnput termi-
nal side of the optical fiber bundle; detecting a light intensity
and light distribution pattern on an output terminal side of
the optical fiber bundle; calculating a light intensity of an
optical fiber light source for each of the optical fiber on the
basis of a detection result 1n order to obtain a desired output
on the output terminal side; and connecting the optical fiber
light source to the optical fiber bundle on the basis of a
calculation result.

With such a configuration, the light intensity distribution
on the output side can be controlled easily. In addition, 1t 1s
not necessary to detect light 1n the step of bundling fibers to
be bundled, but 1t will go well only 11 the optical fiber light
source 1s adjusted alter the optical fiber bundle 1s formed. It
1s therefore possible to form an optical fiber bundle high 1n
reliability.

Preferably, the method has a feature to 1include the steps
of: bundling a plurality of optical fibers to thereby form a
optical fiber bundle; connecting an optical fiber light source
to the mput terminal side of the optical fiber bundle, and
irradiating the optical fiber bundle with light; dividing the
optical fibers 1into a plurality of groups 1n accordance with
light intensity on the output side; and adjusting the optical
fiber light source 1n accordance with light intensity for each
divided group of the optical fibers to thereby control the light
intensity distribution on the output side.

With such a configuration, 1t 1s possible to control the light
intensity distribution on the output side easily.

Preferably, the control step may include the step of
adjusting the optical fiber light source so that the light
intensity distribution on the output side has a peak 1n 1ts
central portion. In this case, the control becomes easy. In
addition, the optical fiber bundle configured thus has a
feature to converge light easily.

Preferably, the control step may include the step of
adjusting the optical fiber light source so that the light
intensity distribution on the output side has a peak 1n 1ts
circumierential portion. In this case, the control can be made 45
casy.

Preferably, the control step may include the step of
adjusting the optical fiber light source to adjust the light
intensity distribution on the output side becomes uniform.
The optical fiber bundle configured thus 1s eflective particu- 50
larly 1n irradiating a wide area uniformly, for example, 1n
curing ultraviolet-curing resin.

Preferably, the control step may include the step of
adjusting the optical fiber light source so that the light
intensity distribution on the output side 1s shaped into a ring. 55
In such a manner, the light intensity distribution on the
output side can be controlled to have a ring shape easily.

Preferably, the control step may include the step of
adjusting the optical fiber light source so that the light
intensity distribution on the output side has a peak 1n the 60
central portion of the ring. In such a manner, the light
intensity distribution on the output side can be controlled to
have a peak 1n the central portion of the ring.

Preferably, the control step may include the step of
adjusting the optical fiber light source so that the light 65
intensity distribution on the output side has a peak 1n each
of the mner circumierential portion and the outer circum-
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ferential portion of the ring. In such a manner, the light
intensity distribution on the output side can be controlled to
have a peak 1n each of the inner circumierential portion and
the outer circumierential portion of the ring.

Preferably, the control step may include the step of
adjusting the optical fiber light source so that the light
intensity distribution on the output side becomes uniform 1n
the ring portion. In such a manner, the light intensity
distribution on the output side can be controlled to be
uniform 1n the ring portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an explanatory view showing an optical fiber
bundle according to a first embodiment of the mvention;

FIG. 2 1s a view showing the optical fiber bundle accord-
ing to the first embodiment of the invention;

FIGS. 3A to 3C are graphs showing light intensity dis-
tributions obtained by the optical fiber bundle according to
the first embodiment of the invention;

FIG. 4 1s a view showing an optical fiber bundle according
to a second embodiment of the invention;

FIG. 5 1s a view showing an optical fiber bundle according
to a third embodiment of the invention;

FIG. 6 1s an explanatory view showing a light source
device according to a fourth embodiment of the invention;

FIG. 7 1s a view showing a light source device according,
to a fifth embodiment of the invention;

FIGS. 8A and 8B are a view and a graph showing the
output terminal of a light source device according to a fifth
embodiment of the invention;

FIG. 9 1s an explanatory view showing a light source
device according to a sixth embodiment of the invention;

FIG. 10 1s a view showing a light source device according,
to a seventh embodiment of the invention;

FIG. 11 1s a view showing a optical fiber bundle 1n the
related art; and

FIG. 12 1s a view showing an example of how to use the
optical fiber bundle in the related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the invention will be described below 1n
detail with reference to the drawings.

First Embodiment

An optical fiber bundle according to a first embodiment of
the mvention 1s an optical fiber bundle 100 including 25
optical fibers 1 bundled on an nput terminal side S1 and on
an output terminal side So as shown 1n its conceptual
diagrams of FIGS. 1 and 2. The optical fiber bundle 100 1s
designed to receive light from the input terminal side S1 and
outputs the light to the output terminal side. The optical fiber
bundle 100 has a feature in that the optical fibers 1 are
divided, on the mnput terminal side Si1, individually or into a
plurality of groups 1n accordance with their positions on the
output terminal side So that input light can be adjusted for
cach optical fiber or for each group.

A cap 30 1s attached to the output terminal side so as to
expose the optical fiber ends to the outside. The cap 30 has
a Tunction of connecting member. Each of the optical fiber
ends has a mirror-finished end face. On the other hand, on
the 1input terminal side, the optical fiber 1 are bundled by a
fiber collector 20, intertwined, and covered with a casing. In
addition, connecting members 2a, 2b, 2¢ . . . 2nr are attached
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to the forward ends of the optical fiber individually on the
input terminal side. The optical fiber bundle 100 has a
feature 1n that by adjusting the light intensity distribution on
the input terminal side Si1, light with a desired light intensity
can be supplied to each optical fiber of the optical fiber
bundle 100 through the optical connecting members 2a, 25,
2c, . . ., 2n connected to the optical fiber, for example, so
that the light intensity distribution 1n the forward end of the
cap 30 on the output terminal side has a peak in 1ts central
portion as shown 1n FIGS. 3A to 3C.

In such a configuration, each optical fiber 1s optically
connected to a light source of a laser diode through a
not-shown light intensity adjusting member so that a desired
light intensity distribution can be obtained. In FIG. 3A, the
light intensity distribution 1s formed as a rectangular pattern
such that a pattern eligible as a light source for exposure can
be obtained. When the laser diode used as the light source 1s
replaced by another one with different properties or a current
to be applied thereto 1s adjusted, the light mtensity distri-
bution can be formed easily as a normal distribution as
shown 1n FIG. 3B or as a doughnut-shaped distribution 1n
which only the contour is shining as shown 1n FIG. 3C.
Incidentally, the fiber diameter of the optical fiber may
differ from that of the light source to be connected thereto.
In such a case, the transmission loss 1n the connection
portion can be reduced easily 1f each optical fiber mcludes
a bufler fiber portion arranged so that the clad diameter
varies 1n a plurality of steps on 1its mput terminal side.

The following steps are used for manufacturing the opti-
cal fiber bundle.

First, a plurality of optical fibers 1 1s bundled. A connect-
ing member 2 1s attached to each optical fiber on 1ts mput
terminal side, while the end face on the output terminal side
1s machined, and then, the pipe sleeve 30 1s attached thereto.
A metal sleeve may be used instead of the pipe sleeve 30.
Alternatively, after a connecting member 1s attached to each
optical fiber, the output terminal side thereof may be
mounted.

After that, each optical fiber 1 of the optical fiber bundle
100 1s 1rradiated with light from the input terminal side, and
the light intensity and the position on the output terminal
surface are detected on the output terminal side.

Then, on the basis of this detection result, the light
intensity of the optical fiber light source 1s calculated for
cach optical fiber so that a desired output can be obtained on
the output terminal side.

On the basis of the calculation result in this calculation
step, an optical fiber light source of a laser diode having
desired properties 1s connected.

In such a manner, according to the method of the inven-
tion, it 1s possible to control the light intensity distribution
on the output side easily and precisely. In addition, it 1s not
necessary to carry out light detection 1n the step of bundling,
the fibers 1nto an optical fiber bundle, but the optical fiber
light source may be adjusted after the optical fiber bundle 1s
formed. It 1s therefore easy to manufacture the optical fiber

bundle. In addition, 1t 1s possible to form the optical fiber
bundle high in reliability.

Second Embodiment

Next, a second embodiment of the invention will be
described.

Although the connecting members 2a, 256, 2¢, . . ., 2n
were attached to the optical fiber individually 1n the optical
fiber bundle according to the first embodiment, the second
embodiment has a feature 1n that optical fiber are paired, and
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connecting members 12a, 125, . . ., 12 are connected to the
pairs respectively as shown in FIG. 4. The other portions are
formed 1n the same manner as those 1n the first embodiment.

In such a manner, connection on the mput terminal side
becomes easier so that manufacturing becomes easier, and
control also becomes easier. While manufacturing becomes
casier, the accuracy 1s a little inferior to that in the first
embodiment.

Third E

Embodiment

Next, a third embodiment of the invention will be
described.

In this embodiment, description will be made on a light
source device using the optical fiber bundle according to the
first embodiment.

This light source device has a feature 1n that light intensity
adjusting members 3a, 3b, 3¢, . . ., 3n are connected to
connecting members 2a, 25, 2¢, . . ., 2n attached to optical
fiber individually so that light from a white lamp light source
40 can be adjusted to have a desired light intensity by the
light intensity adjusting members 3. The other portions are
formed 1n the same manner as those 1n the first embodiment.

In such a manner, connection on the mput terminal side
becomes easier so that manufacturing becomes easier, and 1t
1s possible to obtain a light source device having a light
intensity adjusted precisely.

Fourth Embodiment

Next, a fourth embodiment of the invention will be
described.

Although a single white light source was used 1n the third
embodiment, the fourth embodiment has a feature in that
laser diodes 41a, 415, 41c, . . ., 41r are attached directly to
optical fiber individually as shown in FIG. 6.

The other portions are formed 1n the same manner as those
in the first embodiment.

Belore manufacturing of the light source device, the
properties of each optical fiber are measured 1 advance. On
the basis of the measurement result, specifications for laser
diodes are calculated individually for the optical fiber so that
a desired light intensity distribution can be obtained. Then,
the laser diodes are attached to the optical fiber.

In such a manner, 1t 1s possible to obtain a light source for
exposure, which has an extremely sharp and precise light
distribution.

Fifth Embodiment

Next, a fifth embodiment of the invention will be

described.

This embodiment has features as follows. That 1s, five
optical fibers are used as sensing optical fiber. Light-sensi-
tive detectors 61 to 65 are connected to 1nput terminal-side
connecting members of the five sensing optical fibers 1ndi-
vidually. On the basis of the outputs of the light-sensitive
detectors 61 to 635, a control unit 71 calculates the light
intensity to be supplied to groups of optical fibers having
their output terminals 1n the light-sensitive detection areas of
the light-sensitive detectors 61 to 65 respectively. Thus,
currents to be supplied to laser diodes 41 to 45 connected to
connecting members 2a, 2b, 2c, , 2rn are adjusted
individually so that a desired light intensity distribution can
be obtained.

Incidentally, FIG. 8 A shows a main portion enlarged view
of the output terminal side of this optical fiber bundle. As 1s
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apparent from FIG. 8A, the optical fiber 1 connected to the
light-sensitive detectors 61 to 635 respectively have output
terminals 51 to 55 respectively. The currents to be supplied
to the optical fiber having their output terminals in the
respective areas are adjusted individually so that the light
intensity distribution over those areas including the output
terminals 51 to 55 1s formed into a doughnut-like shape, as
shown 1n FIG. 8B.

In addition, also 1n use, the input light may be adjusted on
the mput terminal side on the basis of the outputs of the
light-sensitive detectors 61 to 65. In such a manner, feed-
back control can be carried out easily, and light control can
be always carnied out. Thus, high-accuracy and high-reli-
ability light control can be attained.

Incidentally, a micro rod lens may be formed integrally
with the output terminal side of each of the optical fiber
connected to the light-sensitive detectors 61 to 65. In this
case, the light convergence efliciency can be enhanced so
that the light mtensity can be detected precisely. In addition,
alens system maybe also attached to each of the light-
sensitive detectors. It 1s also eflective to form the lens
system 1ntegrally therewaith.

In addition, this feedback control 1s not limited to a light
source device using sensing fibers, but another sensor may
be provided for the output terminal so that a light source can
be controlled on the basis of the detection result obtained by
sensing of the sensor. In such a manner, all the optical fiber
constituting the optical fiber bundle can be used for light
transmission.

Sixth Embodiment

Next, a sixth embodiment of the invention will be
described.

In the second embodiment, the light intensity adjusting
members 3a, 3b, . . ., 3n were connected to the connecting
members 2al, 2a2, 2561, 252, . . ., 2rl, 2n2 attached to the
optical fiber individually so that the light from the white
lamp light source 40 can be adjusted to have a desired light
intensity by the light intensity adjusting members 3a,
35, ..., 3n. However, the sixth embodiment has a feature
in that optical fiber are divided into groups each containing
seven optical fiber, and light intensity adjusting members 3a,
3b, ..., 3n are connected to the groups individually.

This light source device has a feature in that the light
intensity adjusting members 3a, 35, . . ., 3r are connected
to individual groups (each containing seven connecting
members) of the connecting members 2al, 2a2, 251,
262, ..., 2nl, 212 attached to the optical fiber individually
so that light from a white lamp light source 40 can be
adjusted to have a desired light intensity by the light
intensity adjusting members 3, as shown in FIG. 9. The other
portions are formed i1n the same manner as those in the
second embodiment.

In such a manner, connection on the mput terminal side
becomes easier so that manufacturing becomes easier, and it
1s possible to obtain a light source device having a light
intensity adjusted precisely.

Seventh Embodiment

Next, a seventh embodiment of the invention will be
described.

According to this embodiment, the output terminal side of
the optical fiber bundle 1n the first embodiment 1s branched
into three branch optical fiber bundle portions 11, 12 and 13
through a branch connecting member 90, and caps 31, 32
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and 33 are attached to the output terminals of the branch
optical fiber bundle portions respectively.

Thus, light energy can be transported through the branch
optical fiber bundle portions 11, 12 and 13 by one light
source device so that three exposure light sources for
steppers can be constructed.

Eighth Embodiment

Next, an eighth embodiment of the invention will be
described.

In the method for manufacturing an optical fiber bundle
according to the first embodiment, a cap was attached to an
optical fiber bundle formed directly, and the light intensity
was then detected for adjustment. However, according to the
cighth embodiment, the light intensity may be controlled
after mput terminals of fibers to be bundled and output
terminals corresponding thereto are aligned and associated
with each other 1n advance.

That 1s, an optical fiber bundle for use 1n this light source
device 1s first formed.

On the occasion of manufacturing the optical fiber bundle,
a large number of optical fiber are bundled on the mput
terminal side, and 1rradiated, on the input terminal side, with
light from a light source. The optical fibers are divided into
a plurality of groups on the basis of the magnitude of light
intensity on the output side. The optical fibers divided into
groups are realigned on the basis of the magnitude of light
intensity so that the output-side light intensity distribution
has a peak 1n 1ts central portion. The optical fibers are
bundled on the output terminal side, and a metal sleeve or
the like 1s attached thereto. Thus, the optical fiber bundle 1s
formed.

By use of the optical fiber bundle having the optical fiber
aligned thus so that the mput terminal side areas of the
optical fiber are associated with the output terminal side
areas thereof, higher-accuracy control becomes easier than

that 1n the case where the light intensity 1s controlled 1n the
same manner as that described in the first to fifth embodi-
ments.

By use of the optical fiber bundle formed thus, a current
to be supplied to the mput terminal side can be calculated
casily so that a desired output side light intensity distribution
can be obtained.

In addition, according to such a method, the output side
light intensity distribution can be controlled extremely easily
and precisely.

In addition, the light intensity may be controlled to form
a ring-like irradiated area with the central portion prevented
from shining.

Incidentally, the optical fibers were divided into three
groups 1n the first and second embodiments. However, 11 the
optical fibers are divided into a larger number of groups, the
light intensity can be controlled with higher accuracy so that
a light intensity distribution having a shape closer to a
desired one can be obtained.

In addition, the optical fiber were masked and observed 1n
turn visually on the output terminal side so as to be divided
into groups 1n the embodiments. However, a sensor formea-
suring the light intensity, such as an infrared sensor, may be
used to measure the light intensity. In this case, realignment
can be made by grouping based on whether the light
intensity 1n question 1s beyond a threshold value or not.

In addition, a plurality of light sources, for example, a first
light source and a second light source, may be provided as
the optical fiber light source so that the light sources can be
changed over. In this case, 11 the 1rradiation light wavelength
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1s made adjustable on the output terminal side, a plurality of
kinds of desired light sources can be obtained by one optical

fiber bundle.

As has been described above, with an optical fiber bundle

according to the invention, a desired light distribution can be
obtained.

Further, with a light source device according to the

invention, a desired light distribution can be obtained.

In addition, with a method for manufacturing an optical

fiber bundle according to the invention, it i1s possible to

obtain an optical fiber bundle having a desired light intensity

distribution extremely efliciently.

What 1s claimed 1s:

1. An optical fiber bundle, comprising:

a plurality of optical fiber light sources;

a plurality of optical fibers bundled on both an input
terminal side thereol and an output terminal side
thereof,

said optical fibers receiving light from said mput terminal
side and outputting said light to said output terminal
side; and

a connecting member provided for said optical fiber
bundle:

wherein

said optical fibers are divided on said input terminal side,
individually or into a plurality of groups 1n accordance
with output terminal side positions of said optical
fibers,

said optical fiber bundle 1s arranged to adjust said light
received from said mput terminal side for each of said
optical fibers or for each of said groups and

said optical fiber light sources are provided for each of
said optical fibers or each of said groups.

2. The optical fiber bundle according to claim 1, wherein

cach of said optical fibers includes a connecting member.

3. The optical fiber bundle according to claim 1, wherein

said optical fibers are divided into a plurality of groups 1n
accordance with output terminal side positions thereof,
and

cach of said groups includes a connecting member.

4. The optical fiber bundle according to claim 1, wherein

cach of said optical fiber or each of said groups includes
a light intensity adjusting member.

5. The optical fiber bundle according to claim 1, wherein

said optical fibers include an optical fiber for detecting
said light on said output terminal side of said optical
fiber bundle.

6. A light source device comprising;:

an optical fiber light source; and

an optical fiber bundle for receiving light from said
optical fiber light source on an input terminal side
thereol and outputting said light to an output terminal
side thereof,

10

15

20

25

30

35

40

45

50

14

said optical fiber bundle including a plurality of optical
fibers bundled in a desired shape on both said mput
terminal side thereof and said output terminal side
thereof,

wherein

said optical fibers are divided on said input terminal side
thereof, mndividually or into a plurality of groups in
accordance with output terminal side positions of said
optical fibers, and

said optical fiber bundle 1s arranged to adjust a light
intensity of said light received from said optical fiber
light source on said input terminal side for each of said
optical fibers or for each of said groups.

7. The light source device according to claim 6, wherein

cach of said optical fibers includes a connecting member,
and 1s connected to said optical fiber light source
through said connecting member.

8. The light source device according to claim 6, wherein

said optical fibers are divided 1nto a plurality of groups 1n
accordance with output terminal side positions thereof,

cach of said groups includes a connecting member, and 1s
connected to said optical fiber light source through said
connecting member.

9. The light source device according to claim 6, wherein

said optical fibers are connected to said optical fiber light
source through a light intensity adjusting member pro-
vided for each of said optical fibers or each of said
groups.

10. A method of manufacturing a light source device,

comprising the steps of:

bundling a plurality of optical fibers to form an optical

fiber bundle;

irradiating a light from an mput terminal side of said
optical fiber bundle;

detecting a light intensity and light distribution pattern on
an output terminal side of said optical fiber bundle;

calculating a light intensity of an optical fiber light source
for each of said optical fiber on the basis of a detection
result in order to obtain a desired output on said output
terminal side; and

connecting said optical fiber light source to said optical
fiber bundle on the basis of a calculation result.

11. A method for manufacturing a light source device

according to claim 10, further comprising the step of:

adjusting said optical fiber light source to make said light
intensity distribution uniform.
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